end diastolic volume/min compared with 64-9 (17) end diastolic volume/min for the 10 min walk (P < 0.001); peak heart rates were 118 and 104 beatslmin (P < 0.03) respectively. In the third group relative peak cardiac output was significantly greater in VVIR (70 (24) v VVI 52 (15) end diastolic volume/min) (P < 0.009) as were exercise times (VVIR 8X8 (1.3) min v WI 8X1 (1.3) min) (P < 0.003). Conclusions-The shuttle walk is an easy test to administer, requiring little equipment. It produces a symptom limited maximal performance and will be a useful aid to pacemaker programming as it is reproducible and able to show differences in exercise capacity between pacing modes. (Heart 1996;75:414-418) 
Setting-Pacing clinic in a regional cardiothoracic centre. Patients-30 patients with chronotropic competence and dual chamber pacemakers with varying functional capacity and 10 patients with rate responsive pacemakers.
Interventions-Continuous haemodynamic monitoring was obtained using an ambulatory nuclear monitor, the Capintec VEST. Two exercise tests either shuttle walking test or 10 min corridor walk. The shuttle walk is an incremental walking test conducted on a 10 m course where the walking speed is dictated by bleeps on an audio cassette. Results-Reproducibility was demonstrated over three consecutive tests with mean (1 SD) exercise times of (1.7) min, 7*7 (1.6), and 7.7 (1.7) min. During the shuttle walk the test patients walked for a mean of (1.2) min producing peak relative cardiac outputs of 78 (21) end diastolic volume/min compared with 64-9 (17) end diastolic volume/min for the 10 min walk (P < 0.001); peak heart rates were 118 and 104 beatslmin (P < 0.03) respectively. In the third group relative peak cardiac output was significantly greater in VVIR (70 (24) v VVI 52 (15) end diastolic volume/min) ( The aim of this study was to validate the shuttle walking test for use in patients with pacemakers and to show that it is a useful tool to aid assessment and programming of rate responsive pacemakers.
Patients and methods Evaluation of the shuffle walking test comprises four different studies to assess reproducibility, compare with more traditionally used methods, and discriminate between two pacing modes. All haemodynamic data for the study are provided by an ambulatory nuclear monitor, the Capintec VEST,9 which was originally used for the study of patients with ischaemic heart disease'0 and has been shown by ourselves to be suitable for the study of patients with pacemakers." After an injection of technetium-99m a multigated acquisition scan is performed to allow correct positioning of the VEST and to help with calibration of the VEST. Details of how the VEST is positioned and functions are included in the appendix. As the data are stored on a Holter monitor and analysed off line the pacing mode can be blinded to the clinical observer as well as the patient.
All patients were recruited from the pacemaker clinic. Patients with a dual chamber pacemaker were considered eligible for the reproducibility and comparative studies, providing they were chronotropically competent. Patients were required to have rate responsive pacemakers for the discriminative study. Because of the small number of single chamber rate responsive units implanted at our centre all units used were dual chamber units. All patients were given a full explanation and written informed consent was obtained. As isotopes were involved patients were excluded if pregnant or breast feeding.
SHUTITLE WALKING TEST
This consists of a 10 m course marked out by two cones 9 m apart, to reduce the need for sudden changes in direction (fig 1) . The speed is controlled by a series of bleeps delivered by an audio cassette, originally generated from a BBC microcomputer. The accuracy of the timed signal is maintained by inclusion of a calibration period of 1 min at the start of the tape. The test is preceded by a standardised explanation during which the patient is told to "walk at a steady pace, aiming to turn around when you hear the signal. You should continue to walk until you feel you are unable to maintain the required speed without becoming unduly breathless."
The (table 2) . There was no significant difference in the duration of the three tests which was (mean (SD)) 7-6 (1.7), 7.7 (1-6), and 7-7 (1.7) min. There was also no significant difference in the relative cardiac outputs generated by the VEST which were 74 (13), 75 (12) , and 74 (13) Peak heart rates during the shuttle walk were 118 beats/min and during the 10 min walk 104 beats/min (P < 0 03), maximum speeds were mean (1 SD) 5'8 (0 7) and 4'6 (08) m/s (P < 0-05), respectively.
DISCRIMINATION
Ten patients with rate responsive pacemaker performed two exercise tests (table 4) . Exercise time and peak relative cardiac output were significantly greater in VVIR than VVI (VVIR 8&8 (1 3) v VVI 8-1 (1 3) min, P < 0 003 (fig 2) and VVIR 70 (24) v VVI 52 (15) end diastolic volume/min, P < 0009 Student's t test (fig 3) ).
Discussion
The advent of rate responsive pacing has meant that some form of exercise testing is essential for optimal pacemaker program- '5 Consequently, patients symptoms are probably more likely to be identified during an incremental test rather than a self paced exercise test. The 10 min walk has no set pace and whether the cardiorespiratory system is stressed maximally depends on how the test is conducted. The lack of external encouragement during this walk means that the result is submaximal and this is reflected by the significantly lower cardiac output and heart rate than observed in the shuttle walking test. This means that as a discriminative test it is of little value, as reflected in the variance in relative cardiac outputs for the two tests (432 for the shuttle walk and 303 for the 10 min walk). Incremental treadmill exercise is a particularly unfamiliar and potentially intimidating test. Repeat testing is recognised to involve a learning effect and may prevent accurate comparison. The treadmill has been over used and there is a real need for a test which is simple and involves an everyday activity. The shuttle walk is based on a familiar activity, providing a better physiological response and if repeat tests are necessary (as is often the case when programming rate responsive pacemakers) then it reduces the limitations on activity from muscle fatigue.
The graded nature of the shuttle walking test is shown by the incremental heart rate response which is not present during the 10 min walk. Typical plots (fig 4) of the heart rate responses during the 10 min walk and the shuttle test show that with the former the patient very rapidly reaches an equilibrium. The shuttle walking test also requires less space than the 10 min walk.
To aid programming of rate responsive pacemakers a mean heart rate after each minute was calculated. This might be expected from the varying through a parallel hole colliminator. Energy discriminas involved in this study but there was no tion is achieved with a thresholding circuit set to accept relation of predicted peak heart rate (220 events of greater than 120 kev. The digital data from ts/min -age) with either the heart rate the thresholding circuit are averaged for 31-25 ms, conr 5 min or the peak heart rate. This high-verted to an analogue signal, and recorded simultanex~~~~~~~~~~~~ul wit min orlectrocardiogram Tisigh .ts the inherent problem with programming ously with the electrocardiogram. res v ps wBefore a VEST study, patients have a multigated responsive pacemakers, which is that lt iS equilibrium blood pool scan at rest for baseline definipossible to determine the "optimal rate" for tion of global and regional left ventricular functions. ry patient for a given level of exercise by Radionuclide Time (min) this shows the interventricular septum, thereby opti-mising separation of the right and left ventricular blood pools. When the best position is produced the garment is tightened. The detector is then screwed into place and a static image taken to record its correct position. The detector and the electrocardiograph leads are connected to a tape recorder carried over the shoulder. The left ventricle detector weighs 1-5 lb (0-675 kg) with the entire unit weighing 7-5 lb (3 375 kg). The radionuclide and electrocardiographic data are then processed on IBM computer software provided by the manufacturer. Unfortunately, the software has a problem with identifying the paced R waves, particularly for unipolar pacing spikes. It is therefore necessary to perform beat by beat review of the data to ensure correct R wave identification. It is also possible to exclude poor quality data.
The baseline data on ejection fraction from the initial scan are used to calculate background scatter correction. The acquired data are then analysed for heart rate, ejection fraction, filling rate, end diastolic and end systolic volumes, and relative cardiac output. The data are the summation of 30 beats to create an average time activity curve. The left ventricular ejection is calculated in a standard fashion (end diastolic counts minus end systolic counts minus background corrected end diastolic counts).
